asiac__42 


I  GO/ A  63-J7o7 
!  ERR-AN-316 
I  Stress 


ON  NONLINKAR  FRESStlRE  COUPLING  IN  CYLINDRICAL  SHELL  ANALYSIS 


Faiil  R,  Vilsan 
Rdvard  E,  Spier 


1  November  1963 


ENGINEERING  DEPARTMENT 


statement  A 

-  i.^royed  for  Public  Release 
Distribution  Unlimited 


RETURN 

INFORM/ 


AEROSPACE  STRUCTURES 

•  AHD  ANALYSIS  CENTER 


20000425  154  wpafb,  ohio  45433 

Reproduced  From 
Best  Available  Copy 


GENERAL.  DVNAIV/IIC5  ASTRONAUTICS 


GD/A  63-0767 

1?RR-A»f-316 

Stress 


ON  KCriLINEAR  ERESSTSIE  COUPLING  IN  CYLINDRICAL  SHELL  ANALYSIS 


Paul  E.  Wilson 
Edward  E,  Spier 


1  November  1963 

ENGINEERING  DEPARTlfflHT 


This  work  was  supported  under  General  DyTiamics  sponsored 
Research  Program  Nuaiber  111-9582-911 


GlllillllD 

CSENERA.L.  DYNAMICS  |  ASTRONAUTICS 


TABLE  OF  COIfTENTS 


COKTEIUTS  PAGE 

ILLUSTRATIONS  iii 

ABSTRACT  1 

1.  INTRODUCTION  1 

2.  NOMENCLATURE  2 

3.  THEORI  2 

k.  ANALYSIS  3 

5.  ACIfflCWIEDGMENT  5 

6.  -  BIBLIOGRAPHY  6 

7.  DISTRIBUTION  H 


ii 


imJSTRATIONS 

Figure 

Title 

Page 

1 

Shell  Juncture 

8 

2 

Moment  Comparison  Curves 

9 

3 

Shear  Comparison  Curves 

10 

iil 


ON  NONLINEAR  PRESSURE  COUPLING  IN  CYLINDRICAL  SHELL  ANALYSIS 

ABSTRACT 

Two  well  known  thin  shell  theories  are  used  to  evaluate  and  compare 
shears  and  njornents  at  the  juncture  of  two  pressurized  cylindrical  shells. 

For  hi^ly  pressiirized  cylinders  with  large  radius- thickness  ratios  the 
numerical  results  indicate  that  nonlinear  coupling  effects  of  pressure 
significantly  influence  congnited  values  of  discontintiity  shears  and  moments. 

1.  INTROIXJCTIQN 

Many  structural  problems  in  the  aerospace  industry  involve  hi^ly  pres¬ 
surized  shells  with  large  radius- thickness  ratios,  and  under  these  circum¬ 
stances,  as  suggested  by  Hetenyi  (l)^  the  coupling  effects  of  pressure  often  • 
have  a  significant  influence  on  discontinuity  shears,  moments,  and  stresses. 
Accordingly,  a  number  of  investigations  have  recently  been  focused  on  this 
problem  for  pressiirized  cylindrical  (2-8),  spherical  (9-10),  and  arbitrary 
shells  of  revolution  (U).  For  internally  pressurized  shells,  comparisons 
made  between  discontinuity  analyses  that  include  and  neglect  the  coupling 
effects  of  meridional  load  (T^  8)  imply  that  use  of  the  refined  method  gen¬ 
erally  yields  lower  calculated  maximum  stresses  and  results  in  a  li^ter- 
wei^t  structure. 

In  this  report  two  well  known  thin  shell  theories  are  used  to  evaluate 
and  compare  shears  and  moments  at  the  jiincture  of  two  pressurized  cylindrical 

shells.  For  thin  highly  pressurized  cylinders  the  numerical  results  indicate 

•  . 

that  nonlinear  coupling  effects  of  pressiire  have  a  significant  influence  on 
computed  values  of  discontinuity  shears  and  moments. 


^Numbers  in  parentheses  designate  references  listed  in  the  Bibliography. 
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2.  NOMEHCLATURE 


a 

A,  B 

D 

£ 

h 

i 

k 


VS 


X 

O.)  Y 

6i>  63 

V 


=  radius  of  shell  middle  surface 
=  constants  of  integration 
=  flexural  rigidity,  Eh?/l2(l-i.2) 

=  modulus  of  elasticity 
=  shell  thickness 
=  ^ 

shell  parameter,  Et/a? 

=  nondimensional  load  parameter 

=5  moment  and  shear  at  discontinuity  neglecting  N 

X  3  2 

dx 

=  moment  and  shear  at  discontinuity  including  N 

*  ,3 

dx 

=  axial  stress  resultant,  positive  "vSien  tensile 
=  internal  pressure 

=  radial  deflection  measured  positive  invard 
=  comlementary  and  particular  solutions,  respectively 
=  axial  coordinate 

=  parameters  entering  into  conplonentary  solution 
=  membrane  expansions  given  hy  Eq.  [7] 

=  shell  thickness  ratio, 

=  shell  parameter,  k/to 
=  Poisson’s  ratio 


3.  THEORY 


The  differential  equation  that  governs  small  axisymmetric  displacements  of 
thin  cylindrical  shells  may,  with  the  notation  in  the  Nomenclature,  he  written 
in  the  form  (12) 


I) 


d*v 

dx* 


-  ^ 


^  Eh  ^ 

3  2  2 

dx  a 


Cl] 


2 


In  many  discontinuity  analyses  (13)  it  is  peimissitle,  as  verified  by  test  re¬ 
sults  {ih,  15),  to  delete  the  pressure  coupling  term  N  .  from  Eq.  [l]. 

dx 

Hovever,  by  parametric  evaluation  of  a  slii5)le  problem,  it  "will  be  demonstrated 
that  this  sin^jlification  process  is  not  generally  valid  for  highly  pressurized 
cylindrical  shells  vith  large  radius-thickness  ratios'. 

The  general  solution  of  Eq.  [l]  for  a  semi- infinite  cylindrical  shell  is 
veil  knovn  (l)  and  may  be  escpressed  in  the  form 


[2] 

[3] 


H  <  2“' 

X 


=  e”®*  (a  sin  gx  +  B  cos  Bx) 


N  =  2^^,  (A  +  Bx)  [4] 

A  c 

U  >  2V^  ,  V  =  (A  sinh  Bx  +  B  coda  15x) 

X  *  c  ' 


ANALYSIS 

Figure  1  shows  a  longitudinal  section  of  the  juncture  of  two  semi-infinite 
cylindrical  shells  that  are  subjected  to  internal  pressure  p.  Take  h,^  ^  hg 
and  let  Xj^  and  Xg  be  directed  as  shown.  With  the  compatibility  and  equilibrium 
conditions  at  the  juncture,  along  with  Eqs.  [2-51,  it  may  be  shown  that  the  dis¬ 
continuity  moment  and  shear  Q,..act  as  shown  in  Fig.  1  and  can  be  expressed 


in  the  following  form; 


W)*  +  2D,Dgaiag  *  DgXg*) 

tojDgXi^Xg®  ^  -  63) 


3 


where 


^  = 

^  E1i4  a 


CtI 


N  =  _P5_ 

X  2 


and  the  subscript  i  (i  =  1,  2)  denotes  quantities  evaluated  in  the  region 
0  ^  ^  °=>  .  'When  written  in  their  present  form,  Eqs.  [6]  are  valid  for  all  values 

of  . 

If  effects  of  pressure  coupling  are  neglected  the  moment  and  shear 

at  the  discontinuity  may,  hy  suitable  reduction  of  Eqs.  [6],  he  shown  to  he 


Xg  (jJgXg  -  DjXj  30^  “  ^0 

"  (Xx,%  DgXg"  J  +  2D,DgX,Xg  (x,%  X^^) 


[8] 


+  hgXg  ^  +  2DiDgX3LXg  (\i  ■*■  ^2  ^ 

Eqs.  [8]  agree  vrith  results  given  earlier  hy  Johns  (13,  1^).  . 

An  interesting  quantitative  comparison  of  these  results  may  he  obtained  hy 

M  Q 

forming  the  dimensionless  ratios  — ^  and  _2_  as  follows: 

Mo  Qh 


M 


M, 


,  2.2  3/2  '  . 

(l+rj  )  +  2r}  (l+v) 


(1-H7*)*  +  277®'^^  (l-Hj)  V  (l+m) (l+na]^ )  +  2iax]  (l+T)  ) 


Q 


0 

Qk 


1+77 


5/fe 


[93 


(l+2n77^)Vl  +  m  +  77^^  (l+2m)V  1^11177’^  ® 


where 


m  = 


Vsd-y’^) 

2 


pa 


[103 


=  -  EV 

i  ft-na  ^  versus  77  for  various  values  of  the  nondimensional 
Mq  Qn 

load  parameter  m  are  shown  in  Figs.  2  and  3,  respectively.  Rote  that  results 


Plots  of 


obtained  including  effects  of  R  on  local  bending  imply  that  computed  values 

A 

of  the  discontinuity  bending  moment  and  shear  are  significantly  reduced  and 

k 


increased,  respectively,  over  corresponding  values  obtained  "by  neglecting 
pressure  coupling  effects.  For  exaii5)le,  consider  the  foUoving  case; 


Thus 


and  from  Figs.  2  and  3 


a  =  20" 

hj  =  0.10" 
hg  =  0.20" 

p  ss  200  psi 
E  =  10  X  lOPpsi 
V  =0.3 

77  =  0.5,  m  «  0.66l 


Mi,  =  0.75  S,  =  1.39.Qo 


Consequently  in  this  instance  the  discontinuity  moments  and  shears  computed  hy 
neglecting  coupling  effects  of  meridional  load  are  in  error  hy  approximately  25?t 

395&,  respectively. 

The  stresses  have  not  heen  discussed  in  this  report.  However,  preliminary 
calculations  indicate  that;  the  maximum  stress  always  occurs  in  the  thinner  shell. 
For  gtna~n  values  of  77  the  longitudinal  stress  governs  the  design,  whereas  for 
large  values  of  77  the  hoop  stress  governs.  Also,  it  was  found  that  confuted 
values  of  the  TnaYi-rm-m  stress  are  reduced  when  pressure  coupling  effects  are  in¬ 
cluded  in  the  analysis..  In  practice  it  is  recommended  that  the  maximum  stress  he 
confuted  hy  using  Eos.  [6]  in  conjunction  with  the  techniques  outlined  hy 
Grossman  (?)  and  Smith  (8). 
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Fig.  2  Moment  cou^jarison  curves 
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Fig.  3  Shear  coii5)arison  curves 
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